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EVALUATION  fEPOPT^ 

1  AXIAL  LOADING-  FATIGIE  PROPERTIES  C7  7079-T6, 
7075-T6  and  2014-T6  ALUMINUM  ALLOY  HAND  TOFGINGS^ 


<Q^C-y 

-REPORT  HR:558-59  \ 

PROJECT  NR:  73^04*8K 
MANUFACTURER:  KaiS«r 

type  test:  Axial  Loading  Fatigue 

submitted  BY:  Kaiser  Alucinura  &  Chemical  Carp. 

I*  PURPOSE  1 


© 

oate:'u  July  1958j> 

SPEC  NR: 

CONTRACT  NR: 

P.  O.  NR: 

ITEM  SERIAL  NR: 


O  ' 

%I)Wbc.-fH^p 
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To  evaluate  the  axial  loading  fatigue  properties  of  7q79-T6  regular 
hand  forging  in  longitudinaT^anl  3hort  transverse  directions  "as  compared  to 
2014-T6  and  7075-T6  alisainun_a  lloy  regular  hand  forging's. 

IX.  FACTUAL  DATA  1 

1.  The  notched  and  unnotched  fatigue  specimens  war*  cut  from  the  longitudinal 
and  short  transverse  direction  on  three  different  sections  of  3**6*x36*  forgings 
subnitted  by  Kaiser  Aluminum  &  Chemical  Corp, 

The  notched  and  unnotchsd  specimens  ware  machined  and  mechanically 
polished.  They  had  s  minimus  teat  section  of  0,10  in.  in  diameter.  The  notched 
spaoimena  hed  a  theoretical  stress  concentration  factor  of  2.4.  The  detailed 
specimen  drawings  are  shown  in  Fig.  1' and  Appendix  1. 

2.  The  axial  loading  fatigue  test  programmes  performed  on  a  300  Kg. 

Sohenok  fatigue  testing  machine  at  a  stress  ratios 


a*  Ut&mU&e.atefc&s 
mean  stress 


oo 


3.  The  results  of  the  fatigue  tests  of  2014-T6,  7075-T6  and  7079-^6 
hand  forged  el uninun  alloys  are  plotted  in  Figs.  3  to  6.  Appendix  1. 

All  three  alloys  show  higher  unnotohed  fatigue  strength  in  the 
longitudinal  direction  than  in  the  short  transverse  direction*  ranging  from  2$% 
for  7075-T6  to  12%  for  2014-T6  alloy.  The  fatigue  strengths  in  the  notched 
longitudinal  and  short  transverse  directions  were  rather  uniform.  All  three  alloys 
have  a  j^otched  fatigue  strength  of  11*000  psi  to  11,500  psi  in  both  direction^ 


«t  2x10'  cycles. 
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Comparison  of  the  fatigue  atrangth  of  the  three  alloys  at  various  number  of 
oyeles  is  shown  in  Table  IV,  Appendix  I.  The  unnotehed  7075-T6  *n  l*19 
longitudinal  direction  had  a  fatigue  (Strength  of  25,000  psi  at  2x10'  cyolea 
as  compared  to  34,000  psi  for  2014-T6  and  7079-^  • 

The  unnotched  7075-T^  in  the  short  transverse  direction  had  the 
lowest  fatigue  strength  of  the  three  materials  being  20,000  psi  at  2x10*  syoles, 
as  compered  to  22,000  psi  for  2014-T6  and  21,000  psi  for  7079-T6 . 

4*  In  all  three  alloys,  more  scatter  occur ed  in  the  unnotehed  short 
transverse  direction  than  in  the  unnotehed  longitudinal  direction.  The 
7079-T6  a»A  7075~T^  unnotehed  in  the  short  trsnsvsrse  direction  reveal  the 
worst  scatter. 

In  general,  the  notched  specimens  had  •  more  narrow  scatter  band 
than  the  unnotohed.  Comparison  ef  the  fatigue  strengths  in  the  different 
sections  of  the  forgings  of  the  three  materials  shoved  the  difference  to  be 
within  the  scatter  band. 
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XXX. 


CONCLUSIONS 

1*  /The  unnotchad  fatigue  strength  of  the  three  alloys  ranged  from  35,000 
pel  to  20,000  psi  at  2x10?  eyolss^J 


At  2x10?  cyolss,  tha  7075-T6  had  the  highest  fatigue  strength 
(?5  ,000  psl)  in  the  longitudinal  direction  and  the  lowest  fatigue  strength 
(20,000  psi)  in  the  short  transrerse  direction. 


2,  /The  notohed  fatigue  strength  of  the  three  alloys  ranged  from  11,000 
psi  to  11,500  psi  at  2x10'  cycles.  The  2014-T6  had  a  fatigue  strength  of 
11,500  psl  at  2x10'  cyelss  in  both  directions, 

3*  The  unnotched  fatigue  strength  of  7079-T6  in  the  longitudinal  direction 
was  slightly  lower  than  of  the  7075**T6  and  about  the  same  as  of  ths  2014-T6, 

In  ths  short  transverse  direction,  however,  it  was  slightly  highsr  than  ths 
7075-T6  and  slightly  lower  than  ths  2014-T6. 


Tha  notched  fatigue  strength  of  7079-T6  was  slightly  lower  than  of 
the  2014-T6  and  7075-^6  1°  both  directions.^  &/[/{), 

4,  In  general,  there  was  no  consistent  fatigue  ratio  found  in  ocsnpariug 
the  three  materials  and  two  directions, 

IV.  FECOPMBOATIONSt 
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AFFEKDH  I 


TABLE  I 


Axial  Loading  Pat igu®  Taat  Data  of  Regular  Hand  Forged 
7D79-T6  Aluaissua  Alloy  at  Straaa  Ratio  A*ao 


1.  Longitudinal  Diraetioa  Unnotched  0p»oim«n 


Ssaoinan  Ho. 


Alternating  Straaa 


Cycles  to  Buytura 


-A$L  -  55 


24.000 


A$L  -  21 

25,000 

A96L  -  15 

29,000 

ASL  -  33 

26,000 

A9L  -  H 

27,000 

\  I 

AfL  -  ?5 

28,000 

l  ./ 

A9L  -  13 

28,000 

w 

A$L  -  23 

30,000 

A9L  -  34 

32,000 

A9L  «*  12 

^36,000_ 

A9L  -  24 

<(36,000 

A?L  »  31 

/  42,000 

A?L  -  32 

V 42,000 

2*  Short  Tranororaa  Direction  Unnotched  Specimen 


f  '  ^7 


A 9S  -  25 

21,000 

A9®  -  35 

23,000 

A$S  -  31 

-  24,000 

A  9®  -  13 

24,000 

193-24 

24,000 

Apr--  23  - 

26,000 

A  93  -  14 

'  28,000 

A9S  -  33 

28,000 

A9S  -  a 

52,000 

A$8  -  11 

36,000 

A9S  -  34 

39,000 

19s  -  22 

42,000 

*9»  -32 

42,000 

Longitudinal  Direction  Hatched  Specimen 

*?L  -  21 

11,000 

9%  -  35 

11,000- 

»9L  -  15 

11500 

8fL  -  13 

11500 

99L  -  14 

12,009 

B9L  -  33 

12,009 

B^L  -  22 

13,000 

B9L  -  U 

15.000 

B%  -  34 

16,000 

B9L  -  24 

13,000 

.19.605.900  No  failure 

7.541.900 

6.1H.700 

7,912.100 

599.700 

1,011,400 

563,800 

238.700 
108,300 
121,000 

96,500 

49,100 

42,800 


20,092, 200  No  failure 
297,200 
21,483.300 

1,303.900 
71^00 
36,000 
104,800 
44.060 

55.700 

38.900 

5,900 

10,000 

11,500 


29,614,100 

2,958.000 

1,449.400 

725.700. 

725,100 

170,800 

149,000 

221,300 

66,900 

45,800 


Ha  fhilura 
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W  I  •oat'A 


Longitudinal  Direction  Netchad  3j>*«  in*  na.  (coat'd) 
SpMdnan  No.  Alternating  Strew 

in  1  Ml - 


B^L  -  23 
B9L  -  3* 

8$L  -  12 

B$L  -  31 


21,000 

21,000 

24,000 

27,000 


4,  Short  Trazusreree  Dir  option  Notched  Sjpeeinene 


r 


BfS  -  U 

B$3  -  35 
B9S  -  15 
»5S  -  32 
BfS3  -  25 
*93  -  22 
*93  -  11 
B$8  -  34 
Bffl  -  24 
BfS  -  12 

B?3  -  33 

*93  -  21 

B?3  -  31 

*93-13 


11,000 
11,000 
11,300^"  -  • 
12,000 
12,000 
13.000  ' 
14.000 
15.000 
17,000 
19,000— 
22,000 
24,000 
25.000  / 
27,000 


Cyelee  to  Buptww 


1«,400 

17,000 

14,600 

.7**00 


19 .50 9,400  Mo  Fniluare 
10,047,008  No  failws 
*5.734.700  *®  fcUw 
321,76® 

114.200 

100.200 
125.800 

72,800 

48,600 

27,800^ 

10,000 

15.400 

10,900 

6J00 
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APPENDIX  I 


TABLE  II 


Axial  Loading 
201VT6 


Fatigue  Tost  Data  of  Regular  Hand  Tor gad 
Aluninm  Alloy  at  Streaa  Ratio  A*oo 


\ 


o 


Longitudinal  Unnotehed  Specimen 

*>.  Altwn.tln^Str... 


AifL  -  31 

A 4L  -  14 

A4L  -  15 

ML  -  3$ 

ML  •  34 

ML  -  33 

A4L  -  13- 
ML  -  23 

A4L  •  22 

A4L  -  35 

AJjL  -  32 

ML  -  12 

ML  -  24 

24.008 

35,000 

al.ooo 

26,000 

27.000 

28,000 

28,000 

32,000 

36,000 

36,000 

39,000  . 
42,000  / 

42,000^/ 

Short  Tr«aarr«r*a  Uoaotoh^d  Spa$lia«n 

Ai|S  -  21 

MS  -  31 

MB  •  24 

A4S  -  13 

MP  -  33 

i  MS  -  3a  ■ 

A4S  *  11 

JtJ&  -  35 

MS  -  23 

M3  -  U 

A4$  -  22 

145-34 

M$  «  15  . 

21,000 

23,000 

24,000 - - 

24.000 

26,000 

28,000 

28,000 

32,000 

36,000 

36,000 

38,000 

42,000 

42,000 

Longitudinal  Dir  act  ion  Notched  Specimen 

S4L  -  22 

B4L  -  14 

ML  -  15 

B4L  -  34 
,*4L  -  34 
^  B4L  -  35 

84L  -  21 

BJjL  -  13 

ML  -  12 

B4L  -  23 

ML  -  33 

11.500 

12,000 

1$L000 

12,000 

13.000 

13.000 

15.000 

35  .  000 
17.000 
17.000 
20,000 

MLKB  WC1*  L58-59 
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Cycles  to  Rupture 


19.0f7.2fl3 
14,268,600 
9.2T7ao« 
7,910,800 
3.750 ,780 


4&9.3«»- 


565,000 


108,100 

58,100 

53^0 

45*5«o 


20,180,500  He  failure 
19,828,200 
7.771 .*00 
1.893.000 
3$  .5*0 

309,203 

251,500 

69.90C 

87,600 

68,600 

33,60® 

32,039 

16,800 


30,746,300  No  Tailwe 
553.700 
352.900 
4.385.300 
401.100 
205.200 
220,800 
89.000 
124.400 

45.300 

55.400 


TASLB  II  coat'd 

Lengitudirial  Direction  Notched  Specimen  (oont'd) 

fyeelswa  2fea  Alternating  Stress 

— . .  . J&jLjz&k 


B4L  -  U 

20  ,000 

B4L  -  2J 

22,009 

*4u  -  24 

27.000 

B41-32 

27,000 

SliQrt  Trensr^rse  Direct  ion  Notched  Specimen 


-  35 

ns  -  n 
m  -  25 

BijS  «■  11 
BijS  -  22 

BijS  -  34 

B43  -  45 
®4*  -  13 
B4S  -  21 

249  <•  14 

B49  -  31 
34s  -  12 

S49-22 
B&3  -  24 
B4S  -  53 


11,00® 

11*500 

12,000 

12,0024-— 

12,000_- 

13,000 

13,000 

15.000 

15.90® 

18,000 

18,000 

22,000 

22,000 


27,000 
27,000  ' 


Cyslsa  to  Papturc 


48,100 

27.460 

13.100 

13.100 


24,611,160  ISO  f&Usro 

4.188*498 

89*320*200  $  RsUtirc 
133,000 
842,7^5 
77.80® 

91,100 

105.096  * 

35*009 

45, lot 

33.390  - 

f,£O0  *  ..»• 

12*189  * 
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APPENDIX  I 


\ 
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TABLE  III  > 

Loading  Fatigue  Test  Data  of  Regular  Hand  Tor  gad 
7075-T6  Aluaimao  Alloy  at  Strew  Ratio  Aaoo 

~~  -  ■  l.° 

X»  Longitudinal  Direction  Unnotshed  Specimen  r 


Specimen  lb. 

Alternating  Stress 
in  r  Sfi_ ... 

42-  -  35 

15,000 

A5L  -  s^5 

25,000 

A5L  -  22 

26,000 

A5L  -  31 

26,000 

A5L  -  32 

27,000 

451-155  * 

27,000 

!  45L  -152 

28,000 

A5L  -  23 

28,000 

A5L  -154 

30,000 

451-34 

33.000  _ 

J5L  -  21 

36,000 

A5L  -153 

36,000 

A5L  -  *4 

42,000 

451-33 

42,000 

v£-t 

2»  3 h©r.t  Tr&n®Y®rm  Direction  Oan#tchcd  Specimen 


45s  -  *5 

20,000 

155-15 

21,000 

45#  -  31 

22,000 

\  *53-35 

*  22,000 

453  -  33 

23,000 

;45S  -  22 

23,000 

458  -  24 

24,000 

458  -U 

24.000 

45S  -  12 

28,000 

45s  -  n 

28,000 

45s  -  32 

32,000 

458  -  11 

36,000 

45S-23 

36,000 

458-13 

42,000 

455  -  34 

42,000  y 

Longitudinal  Direction  Notched  Specimens 

\ 

1*9.  -  » 

11,000 

j  »5L  -  15 

11*500 

B5L  -  14 

12,000 

85L  -  24 

'  12,000 

851-35 

12,000 

853-  -  13 

i  13.000 

851-25 

,M  13^900.  <. 

KLSR  VOLT  L58-59 
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Cycles  to  R^ture 


2i,2f7*300  No  Fails?® 
966,000 

16,646,500 

358,000 

1,207,400 

701,000 

403,700 

3,686,100 

180,100 

137.000 

72,000 

161,800 

58.403 

42,30a 


28,401,700  $9  Fail®*® 
88,200 
485.700 
4.32® ,600 
1,269,400 
58.780 
121,400 

79.700 

54.100 
142,000 

34.000 

19.100  * 

28.100 

0,800 

14.000 


20,561,900  Zb  Failure 
30,934,500  V*  Fail  tare 
30,873.000  Ha  Failure 
1,079.400 
282J0O 
582,300 
295.900 


TABUS  III  eont'd 


3. 


Longitudinal  Direst  ion  Kets&ed 


S^jxMitosn*  (eont'A)  \ik 


8y#«iswa  Ko« 


Altsraatlsg  Stress 

- iaijai _ 


35L  -  34 

13.00© 

554-22  . 

33.000 

B3L  -  31 

13.000 

554  -  n 

18,000 

55L-3! 

22,000 

SgL  -  VL~ 

22,000 

551-23 

.  27,000 

B51.-32 

27,000 

Sfefflrt  Transferee  Direction  Hstshed  Specimen 

55S  -  34 

11,000 

55s  -  24 

11,000 

B53-31 

11,300 

553-45 

11,500 

35S  -  xa 

12,000 

B3S  -  35 

la.o^r- 

333-13 

13.000 

333-25 

13.000 

B3S  -  32 

U.ooo 

33s  -  21 

13.000 

353  ~  22 

18,000 

B3S  -  14 

20,000 

B5S  -  33 

22,000 

$53  -  23 

24,000 

B5S  -  11 

27,000 

iZfe 


Oyelss  to  Future 


120,900 
104,900 
4.7U.OOO 
6l. SO® 
26.400 
23.700 
12,00© 
10,30® 


24.000.00®  Re  Fsilare 
19.1^.000 
1,188.700 
1,771.600 
1.272,000 


37®.700 

123.400 

287.300 

114.300 

4S.100 

29,000 


19.500 

18,000 

10,900 

4,600 
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l*apMls«n  of  The  Apprcxlnat*  Araraga  Axial  Loading  Jfctigua  Strwagth  for  7079-T6 
7075*16  ead  2014-T6  Hand  Forged  Alualmm  Alloy  at  Various  Bomber  of  Qjroloa 

(  Data  takan  from  Figs.  3  to  6  ) 


Appendix  I 


*s».»to  KEurrei.  a  *:*•£*  co. 
Serai- Logarithmic,  5  Cycles  X  10  to  the  inch, 
6th  line*  accented. 


^turret  *  cft«E«  co. 

Semi-Lo^ftrithmic.  6  Cycle*  X  10  to  the  Inftii 
5th  line*  accented. 

»ack  in  u.s.a. 
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•S***1G  KEUFFKL  ft  Oftt*  CO. 

Semi- Logarithmic.  6  Cycle*  X  10  to  the  inch 
5th  line*  accented. 
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Whan  Government  drawings ,  specifications,  or  othsr  data  arc  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related  Gorerx&oent  procurement  operation, 
the  United  States  Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  Government  may  have  formulated ,  furnished ,  or  in 
any  way  supplied  the  said  drawings,  specifications ,  or  other  date,  is  not  to  be 
regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture , 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  releted  thereto* 
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